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abstract: Helminth communities of double-crested (Phalacrocorax auritus) and neotropic {Phalacrocorax 
brasilianus) cormorants from the midcoast of Texas were examined. Twenty-one helminth species were found; 
17 species occurred in each host species, and 13 species co-occurred in both host species. The mean number of 
helminth species was similar, averaging 5.9 ± 0.4 (SE) and 5.8 ± 0.7 species in double-crested and neotropic 
cormorants, respectively. Helminth infracommunities were depauperate, particularly in commonly utilized mi¬ 
crohabitats. Eleven common species were found, in which 9 and 10 species occurred in double-crested and 
neotropic cormorants, respectively. Of these, the prevalence of Ascocotyle sp. 2 was higher in double-crested 
cormorants, whereas the prevalence of Capillaria contorta was higher in neotropic cormorants. Eight species 
{Ascocotyle sp. 2, Austrodiplostomum mordax, Paradilepis caballeroi, Capillaria spiculata, Contracaecum spi- 
culigerum, Syncuaria squamata, Tetrameres microspinosa, and Andracantha gravida) were common species in 
both host populations. The abundance of helminths was similar between double-crested and neotropic cormo¬ 
rants, averaging 134.0 ± 20.2 and 166.9 ± 23.2 helminth individuals, respectively. Of the 11 common species, 
rank abundances varied between host infrapopulations for 2 species; C. contorta was higher in neotropic cor¬ 
morants, whereas Desmidocercella skrjabini was higher in double-crested cormorants. For the 11 common 
species collectively, rank abundance was higher in neotropic cormorants. Our results suggest that helminth 
component communities in double-crested and neotropic cormorants occurring in coastal Texas largely share 
similar characteristics in structure and pattern. 
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Helminth component communities in migratory 
avifauna frequently are species rich and diverse 
(Wallace and Pence, 1986; Fedynich and Pence, 
1994), which presumably results from host vagil- 
ity. Fedynich et al. (1996) demonstrated also that 
helminth communities in a nonmigratory host are 
likely influenced by temporally sympatric conge¬ 
neric hosts. 

The double-crested cormorant {Phalacrocorax 
auritus) (Lesson) [120.] is a common species in 
North America that overwinters on the Texas 
coast. The neotropic cormorant {Phalacrocorax 
brasilianus) (Gmehn) [121.] is a permanent resi¬ 
dent of coastal Texas, which represents the north¬ 
ernmost extension of its geographic range in North 
America (del Hoyo et al., 1992). 

The present study was initiated to compare the 
helminth communities of 2 related species of cor¬ 
morants that regularly cooccur. Specifically, our 
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objectives were to (1) determine the helminth fau¬ 
na of double-crested and neotropic cormorants 
from coastal Texas, (2) examine the structure and 
pattern of helminth communities found in both 
host infiapopulations, and (3) relate these findings 
to host-parasite interactions. 

Materials and Methods 

Cormorants were collected in coastal areas of Mata¬ 
gorda County, Texas (28°24'N, 96°C)9'W). Twelve each 
of double-crested and neotropic cormorants were collect¬ 
ed by shooting, primarily during fall and winter (double- 
crested cormorants: January 1995, n = 1\ February 1996, 
n = 6; neotropical cormorants: August 1994 to January 
1995, n = 5; May 1995, n = 1; February 1996, n = 5) 
when both species co-occurred on the study area. Neo¬ 
tropic cormorants are year-round residents on the study 
area, whereas double-crested cormorants are only winter 
residents. All cormorants collected were subadults or 
adults. Cormorants were frozen and stored at — 10°C until 
necropsy. Cormorants were collected in accordance with 
established guidelines and protocols of U.S. Fish and 
Wildlife Service scienUfic collection permit PRT-693859 
and Texas Parks and Wildlife Department scientific per¬ 
mit SPR-0490-065. 

Helminths were collected, counted, preserved, and ex¬ 
amined according to methods described in Wallace and 
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Pence (1986). Microhabitats examined for helminths in¬ 
cluded the trachea, esophagus, proventriculus, gizzard lin¬ 
ing, heart, lung, kidney, liver, gallbladder, pancreas, 
spleen, small intestine, large intestine, ceca, cloaca, mes¬ 
enteric veins, reproductive tract, and body cavity. 

Helminths were identified following the taxonomic 
keys of Skijabin et al. (1957), Sonin (1966, 1968), Ya- 
maguti (1958, 1959, 1961, 1971), McDonald (1974), 
Chabaud (1975), and Anderson and Bain (1976). The 
identification of Paradilepis caballeroi and Andracantha 
gravida was based on the descriptions of Rysavy and 
Macko (1971) and Schmidt (1975), respectively. Our 
specimens of Drepanocephalus spathans most closely re¬ 
semble those described by Dietz (1909) and redescribed 
by Rietschel and Werding (1978), the de.scription of 2 
closely related new species of the genus Drepanocephal¬ 
us from P. brasilianus (=their Phalacrocorax olivaceous) 
by Nasir and Marval (1968) and Rietschel and Werding 
(1978), respectively, notwithstanding. Representative 
specimens of helminths are deposited in the United States 
National Parasite Collection, Beltsville, Maryland 20705 
(USNPC Nos. 86718-86741). Host taxonomy, including 
the World List Numbers in brackets following the sci¬ 
entific names, is according to Sibley and Monroe (1990). 

The terms prevalence, intensity, and abundance follow 
the definitions of Margolis et al. (1982). Habitat is defined 
by Whittaker et al. (1973); in relation to helminths, hab¬ 
itat refers to the host individual. Microhabitat refers to 
anatomical localities within the host. Common helminth 
species were arbitrarily defined as those species with 
^25% prevalence; all other species were considered un¬ 
common. Helminth inffacommunity refers to all infra¬ 
populations of helminth species occurring within an in¬ 
dividual host (Holmes and Price, 1986). The component 
community is defined as all infrapopulations of helminth 
species occurring in all host individuals sampled from a 
particular host infrapopulation (Gray et al., 1989). 

We compared the influence of host species on helminth 
community structure and pattern. Frequency data were 
analyzed with log-linear models (CATMOD; SAS Insti¬ 
tute Inc., 1985a) to determine if the prevalence of the 
common helminth species varied between host infirapop- 
ulations. The Jaccard’s coefficient of similarity (Jaccard, 
1912) was used to measure the similarity of shared hel¬ 
minth species between host infrapopulations. The numer¬ 
ical dominance index (DI) of Leong and Holmes (1981) 
was used to rank helminth species by the number of in¬ 
dividuals that each species contributed to the total number 
of individuals within each host infrapopulation. 

The Brillouin’s index (BI), appropriate for fully cen- 
sused communities, was used to quantify diversity (Pie- 
lou, 1975) for each helminth inffacommunity. Since BI 
measures diversity for a fully censused collection at the 
inffacommunity level, and each numerically different BI 
value is significandy different ffom all other BI values, 
there is no significance test to compare multiple collec¬ 
tions (Magurran, 1988). An evenness index (El), based 
on the ratio of BI/BI,na,^ (where BI^^.^^ = maximum diver¬ 
sity possible given the number of species and the number 
of individuals in a particular collection), was computed 
to better interpret BI values (Pielou, 1975). Summary data 
of BI and El are presented as range, median, and the 25 
to 75% quantiles (Pence, 1990). 

The ffequency distribution pattern of abundance for the 


collective common species and for each of the common 
species was tested for normality (PROC UNIVARIATE 
NORMAL; SAS Institute Inc., 1985a). Because a non¬ 
normal distribution pattern (overdispersion) occurred for 
most of the common species, abundance values were rank 
transformed (PROC RANK; SAS Institute Inc., 1985b) 
prior to further statistical analyses. Rank-transformed 
abundance values were examined for the main effect of 
host species, with 1-way analysis of variance (ANOVA; 
SAS Institute Inc., 1985b) for each common helminth 
species and with multivariate analysis of variance (MAN- 
OVA; SAS Institute Inc., 1985b) for the collective com¬ 
mon species. Descriptive statistics are presented as a 
mean ± 1 SE. 

Results 

Twenty-one helminth species (11 trematodes, 1 
cestode, 8 nematodes, and 1 acanthocephalan) 
were found in 7 microhabitats from 24 cormorants 
(Table 1). Seventeen helminth species were found 
in both the double-crested and neotropic cormorant 
infrapopulations, respectively (Table 1). Jaccard’s 
index was 0.62, indicating a lack of helminth spe¬ 
cies co-occurrence between host infrapopulations. 
Only 13 species co-occurred in both host infra¬ 
populations (Table 1). Helminth infracommunities 
in double-crested and neotropic cormorants aver¬ 
aged 5.9 ± 0.4 and 5.8 ± 0.7 species, respectively, 
and were similar {P = 0.86). 

In both hosts, the proventriculus, esophagus, 
stomach, small intestine, and large intestine were 
the most common microhabitats utilized by hel¬ 
minths. However, there was a disparity of helminth 
species across available microhabitats. At the in¬ 
fracommunity level, 1 to 5 (median = 2) nematode 
species co-occurred in the combined microhabitats 
of the proventriculus, esophagus, and stomach in 
each of the 24 hosts examined, and 3 neotropic 
cormorants also had a trematode species (Pseu- 
dopsilostoma variimi). In double-crested cormo¬ 
rants, there were 1, 4, 5, and 2 infracommunities 
occurring in the combined microhabitats of the 
small and large intestine, with 4, 3, 2, and 1 rep¬ 
resentatives of each of the 4 major helminth 
groups (1 to 5 trematodes, 1 cestode, 1 nematode, 
and 1 acanthocephalan species). For helminth in¬ 
fracommunities occurring in these microhabitats in 
neotropic cormorants, there were 3, 3, 3, and 3 
infracommunities, with 4, 3, 2, and 1 representa¬ 
tives, respectively (1 to 2 trematodes, 1 cestode, 1 
nematode, and 1 acanthocephalan species). 

Eleven common helminth species were found, 
in which 9 and 10 species occurred in double- 
crested and neotropic cormorants, respectively. 
The prevalence of Ascocotyle sp. 2 was higher {P 
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Table 1. Continued. 
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Table 2. Dominance index values generated for helminth species from 12 double-crested and 12 neotropic 
cormorants collected in Matagorda County, Texas. 


Double-crested cormorant 


Neotropic cormorant 


Helminth species 

DI 

Helminth species 

DI 

Contracaecum spiculigerum 

62.6 

Contracaecum spiculigerum 

60.5 

Tetrameres microspinosa 

12.9 

Tetrameres microspinosa 

16.6 

Ascocotyle sp. 2 

10.4 

Ascocotyle sp. 2 

7.1 

Desmidocercella skrjabini 

4.0 

Pseudopsilostoma varium 

4.1 

Phocitremoides butionis 

3.2 

Capillaria contorta 

1.9 

Capillaria spiculata 

1.9 

Andracantha gravida 

1.6 

Austrodiplostomum mordax 

1.1 

Capillaria spiculata 

1.5 

Andracantha gravida 

1.0 

Maritrema sp. 

0.1 

Ascocotyle sp. 1 

<0.1 

Drepanocephalus spathans 

0.1 

Syncuaria squamata 

<0.1 

Paradilepis caballeroi 

<0.1 

Paradilepis caballeroi 

<0.1 

Syncuaria squamata 

<0.1 

Mesoophorodiplostomum pricei 

<0.1 

Hysteromorpha triloba 

<0.1 

Ascocotyle sp. 3 

<0.1 

Austrodiplostomum mordax 

<0.1 

Capillaria contorta 

<0.1 

Synhimanthus sp. 

<0.1 

Amphimerus sp. 

<0.1 

Ascocotyle sp. 1 

<0.1 

Drepanocephalus spathans 

<0.1 

Phocitremoides butionis 

<0.1 

Maritrema sp. 

<0.1 

Syngamus sp. 

<0.1 


< 0.05) in double-crested cormorants than in neo¬ 
tropic cormorants, whereas prevalence of Capil- 
laria contorta was higher {P < 0.003) in neotropic 
cormorants. Eight species (Ascocotyle sp. 2, Aus- 
trodiplostomum mordax, P. caballeroi, Capillaria 
spiculata, Contracaecum spiculigerum, Syncuaria 
squamata, Tetrameres microspinosa, and A. grav¬ 
ida) were common species in both host infrapop¬ 
ulations. 

We found 3,611 helminth individuals, of which 
1,608 and 2,003 occurred in double-crested and 
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Figure 1. Brillouin’s and evenness index values 
generated from helminth infracommunities, pre¬ 
sented as box plots representing median (+), range 
(-), and the 25 to 75% quantiles (□), for cor¬ 

morants collected in Matagorda County, Texas. 


neotropic cormorants, respectively (Table 1). The 
abundance of helminths was si mil ar (P = 0.31) 
between double-crested and neotropic cormorant 
infrapopulations, averaging 134.0 ± 20.2 and 
166.9 ± 23.2 helminth individuals, respectively. 
Of the 11 common species, rank abundance varied 
between host infrapopulations in only 2 species: 
C. contorta was higher (P < 0.0001) in neotropic 
cormorants, whereas Desmidocercella skrjabini 
was higher {P < 0.03) in double-crested cormo¬ 
rants. For the 11 common species collectively 
(MANOVA), rank abundance was higher (P < 
0.02) in neotropic cormorants. 

The 9 and 10 commonly occurring species in 
double-crested and neotropic cormorants, respec¬ 
tively, accounted for 95 and 94% of aU helminth 
individuals found in each respective host species. 
Contracaecum spiculigerum dominated the hel¬ 
minth component community in both hosts, ac¬ 
counting for 63 and 60% of aU helminth individ¬ 
uals found in double-crested and neotropic cor¬ 
morants, respectively (Table 2). Tetrameres mi¬ 
crospinosa and Ascocotyle sp. 2 also were 
important (>10 DI value) species in double-crest¬ 
ed cormorants, whereas T. microspinosa was nu¬ 
merically important in the hel min th component 
community of neotropic cormorants (Table 2). 

Median BI values of double-crested and neo¬ 
tropic cormorants were 0.99 and 0.57, respectively 
(Fig. 1). Helminth infracommunities in both host 
species demonstrated a substantial lack of diver- 
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